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PARTICULATE TITANIUM DIOXIDE COATED PRODUCT AND METHOD OF FORMING TITANIUM DIOXIDE 
COATED PARTICLES 



Field of the Invention 

This invention relates to a commercially usable product containing titanium 
5 dioxide (Ti0 2 ), also known as titania, and to methods for its production that are 
generally applicable to forming coated particles. In a particular embodiment, the 
invention provides a product which may be a substitute for conventional pigment 
grade Ti0 2 , currently the white base pigment used in most paint products, in 
plastics and paper and in many other applications. 

10 Background Art 

There are two principal technologies for producing pigment-grade titanium 
dioxide. The more recent is the Chloride Process in which titanium tetrachloride 
(TiCI 4 ), produced by chlorination of synthetic rutile, is reacted with oxygen at about 
1000°C to give Ti0 2 in the rutile crystal form that is normally required for use as a 
15 pigment. In the older Sulphate Process ilmenite is treated with sulphuric acid to 
give titanyl sulphate (TiOS0 4 ) which is hydrolysed to Ti0 2 in the anatase form. 
The anatase form must then be calcined to rutile at about 1000°C. The products 
from both processes are subjected to various proprietary finishing steps for 
ultimate use as pigments. 

20 In the prior art, powders have been proposed in which mixtures of 

components include alumina and titania and which are applied by flame spraying 
to steel and other substrates to provide coatings that are highly impervious and 
abrasion, corrosion and oxidation resistant. For example, US patent 3607343 
discloses a wide range of spray powders which include complex mixtures of many 

25 oxides, including alumina and titania, as well as fluxing ceramics such as lithium 
cobaltite and thermally unstable resin varnishes. The mixed powders are applied 
through a high temperature spray gun to produce a continuous grey or black layer 
on a metal substrate. These coatings differ totally from conventional titania based 
pigments and from the titania coated alumina proposed here. The former are very 
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fine white powders comprising only pure titania, while the latter is a fine white 
powder of alumina particles coated with titania. 

Summary of the Invention 

In a first aspect, a fundamental concept of this invention is to provide an 
5 alternative pigment-grade titanium material in which the particles are not solid 
titania but instead a titania-coated substrate of a suitable material such as a metal 
oxide. Moreover, in a preferred form, the invention entails the further concept of 
producing the titania-coated alumina from intermediates of the aforementioned 
Chloride Process and of the well known Bayer Process for producing alumina from 
10 bauxite ore. This production technique has broader application to the formation of 
coated particles. 

The present invention in its most general form provides, in its first aspect, a 
composition of matter comprising particles each having a substrate being an oxide 
or other suitable compound of a metal other than titanium or of certain non-metal 
15 elements, and a coating on said substrate being a layer of titanium dioxide. The 
titania coating may be a uniform, substantially homogenous undivided layer of 
titanium dioxide onto and into the underlying substrate or alternatively it may be 
randomly available over and into the surface of the substrate. The coating is 
preferably effected in a simple hydrolysis reaction. 

20 In a second aspect, the invention provides a method of forming particles of 

titania-coated substrate, including : 

contacting a bed of hydrated particles of an oxide or other suitable 
compound of a metal other than titanium or of certain non-metal elements 
with a fluid medium containing flowing titanium tetrachloride, under 
25 conditions in which a layer comprising one or more involatile oxychloride or 

oxide compounds is formed at and below the surface of each of a 
multiplicity of said particles of said oxide or other suitable compound which 
thereby provides a substrate for said layer; and 
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treating said oxychloride or oxide compound or compounds to convert the 
layer to a titania coating, preferably a pigment grade coating, on the 
particles. 

More generally, in a third aspect, the invention provides a method of 
5 forming particles having a metal oxide coating on a substrate, including : 

contacting a bed of hydrated particles of an oxide or other suitable 
compound of a first metal or of certain non-metal elements with a fluid 
medium containing a halide of a second metal, under conditions in which a 
layer comprising one or more involatile oxyhalide or oxide compounds of 
10 the second metal is formed at and below the surface of each of a 

multiplicity of said particles of said oxide or other suitable compound which 
thereby provides a substrate for said layer; and 

treating said oxyhalide or oxide compound or compounds to convert the 
layer to a coating of an oxide of said second metal. 

15 The preferred halide in the third aspect of the invention is chloride, whereby 

the involatile oxyhalide compound(s) is an oxychloride compound. 

In any advantageous application of said third aspect, the second metal is 
titanium whereby said coating is a titania coating. 

Further Preferred Aspects of the Invention 

20 The bed of hydrated particles is preferably a moving bed. 

In all of the first, second and third aspects, the oxide or other compound is 
advantageously selected for its ability to absorb or adsorb sufficient water to 
sustain the formation of said layer. 

In the first and second aspects, the substrate is preferably substantially less 
25 valuable or expensive than titania. A suitable oxide for the substrate is alumina, 
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but more generally the hydrated particles may be selected from the group 
including oxides and hydroxides of aluminium, silicon, zinc, lead, tin, bismuth, and 
other transition metal, group III and group IV elements. Some carbonates and 
other compounds may also be suitable as substrates. These include carbonates 
5 of calcium and magnesium and of the elements listed above as providing suitable 
oxide substrates. 

The titania coating on each particle preferably includes a lowermost 
transition zone in which titania is interspersed into the underlying substrate. 

Where the hydrated metal oxide particles are hydrated alumina particles, 
10 these may comprise or include aluminium hydroxide AI(OH) 3 , also known as 
alumina trihydrate or gibbsite, or aluminium oxide hydroxide AIO.OH, also known 
as aluminium monohydroxide or boehmite, but can be any suitable form that 
provides sufficient hydroxyl groups for the formation of the titanium oxychloride 
compounds. It is believed that the titanium tetrachloride (TiCI 4 ) reacts with the 
15 hydroxyl groups on the surface of the hydrated alumina particles to produce the 
titanium oxychloride compounds. 

If, on the other hand, reaction of TiCU with the hydroxyl groups of the 
hydrated alumina or other substrate is insufficient, the extent of reaction can be 
increased by pretreating the hydrated alumina or other substrate with steam or 
20 water to ensure an appropriate amount of water, absorbed on the alumina, 
available for a more extended hydrolysis reaction. 

The aforesaid conditions preferably include a proportional presence of 
water which is in deficit relative to the alternative reaction of the titanium 
tetrachloride to produce hydrated titania and an aqueous solution of hydrochloric 
25 acid as in reaction (1). 

TiCI 4 is a volatile liquid (mp -23°C, bp 137°C) which is very readily 
hydrolysed. With excess water, the overall reaction produces hydrated titania 
(Ti0 2 .xH 2 0) and an aqueous solution of hydrochloric acid according to the 
following equation : 
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TiCU + (2 + x)H 2 0 -> Ti0 2 .xH 2 0 + 4HCI (1 ) 

Reaction of TiCl 4 with a deficit of water, on the other hand, leads to the 
formation of relatively involatile oxychlorides of titanium, of which the best 
characterised is titanium oxydichloride (TiOCI 2 ), in accordance with the following 
5 equation : 

TiCU + H 2 0 -> TiOCI 2 + 2HCI (2) 

In one embodiment of the second aspect of the invention, which might be 
referred to as Solvent Phase Hydrolysis, the fluid medium is a solution of TiCI 4 in 
an organic solvent. The organic solvent is preferably one which is non-polar and 

10 immiscible with water, such as carbon tetrachloride, benzene or cyclohexane, or of 
very low polarity such as toluene, trichlorethylene, or a hydrocarbon such as 
heptane. TiCU is reported as being very soluble in non-polar solvents while TiOCI 2 , 
the typical product of reaction formed at the interface, is reported as being 
sparingly soluble in non-polar solvents. A more polar solvent, such as an alcohol 

15 or a ketone, may be more efficient in wetting the solid hydrated alumina, but 
TiOCI 2 is likely to be soluble in such a solvent and to diffuse away from the 
surface of the solid. 

When the TiCU reacts with the hydrated alumina an oxychloride such as 
TiOCI 2 will be formed at the surface of the alumina as indicated in equation (2) 
20 and the HCI also formed is soluble in non-polar solvents and, for recycling of the 
solvent, could be stripped from the solvent by distillation or by extraction with an 
aqueous alkaline solution in the case of a water-immiscible solvent. An 
oxychloride of aluminium, such as AIOCI, is also likely to be formed in the reaction 
interface. 

25 The contacting step may be carried out at ambient temperature. If 

necessary, the extent of equation (2) could be increased by reacting the TiCU 
solution under reflux additions, or at some appropriate temperature above 
ambient. 
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One alternative form of said treatment of the titanium oxychloride layer may 
be a hydrolysis treatment in which the titanium oxydichloride coated hydrated 
alumina is treated with steam under conditions that result in the coating of the 
alumina with hydrated titanium (Ti0 2 .xH 2 0) in accordance with the following 
5 reaction: 

TiOCI 2 + (1 +x) H 2 0 -> Ti0 2 .xH 2 0 + 2HCI (3) 

HCI, the other product of this reaction, is very volatile and is swept away 
from the reaction zone. 

When the hydrated alumina, coated with TiOCI 2 and a compound such as 
10 AIOCI, is heated through temperatures of 200 to 400°C, the TiOCI 2 and AIOCI are 
converted in a pyrohydrolysis reaction with excess water vapour to give a mixed 
zone of AIO.OH and TiO(OH) 2 which bonds the Ti0 2 formed after calcination at 
high temperatures to the Al 2 0 3 substrate. At temperatures of about 1000°C, the 
hydrated titania is calcined to the usually required pigment-grade rutile form of 
15 Ti0 2 . If anatase coating is required, the final calcination should be conducted at 
temperatures considerably less than 1000°C, for example at temperatures of 
about 400°C to 800°C. 

If a less thermally stable substrate such as calcium carbonate is used, 
calcination at a temperature lower than 1000°C, for example 400°C to 800°C, may 
20 be necessary to prevent conversion of the calcium carbonate to strongly basic 
calcium oxide. Under these conditions, the titania coating would be in the anatase 
form. 

Alternatively, the pyrohydrolysis reaction can be conducted as a separate 
step before calcination. 

25 In an alternative embodiment of the treatment of the titanium oxychloride 

layer, the coated alumina particles may be subjected to moderate heating (eg. to a 
temperature in the range 150 to 250°C, preferably above 180°C), in a gas stream 
under conditions whereby the oxychlorides decompose to titanium dioxide and 
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2TiOCI 2 -> Ti0 2 + TiCI 4 (4) 

The Ti0 2 remains as a coating of the surface of the alumina and the latter, 
a volatile gas, is swept away and recycled. If the resulting Ti0 2 is in the anatase 
5 form, it must be calcined to obtain pigment-grade rutile. 

The heating and calcination steps may be combined. In such a case, the 
initial titanium oxychloride-coated alumina is preferably heated to a temperature of 
about 1000°C to effect the calcination to rutile and to remove any residual titanium 
tetrachloride. 

10 In another embodiment of the second aspect of the invention, known as 

Vapour Phase Hydrolysis, the fluid medium containing flowing titanium 
tetrachloride is a gas stream containing titanium tetrachloride. The gas stream 
preferably includes titanium tetrachloride (TiCI 4 ) in dry air or nitrogen. 

When the TiCI 4 reacts with the hydrated alumina, the layer comprising one 
15 or more titanium oxychloride compounds, involatile in this embodiment, may 
include primarily titanium oxydichloride (TiOCI 2 ), as in equation (2). 

Preferably, the contacting step is carried out at ambient temperature 
whereby the other product of equation (2), HCI, is removed in the gas stream. 

If necessary, the extent of reaction (2) can be controlled by adjustment of 
20 the TiCI 4 contribution in the gas stream by increasing the temperature and the 
vapour pressure of the TiCI 4 source, or by increasing the temperature of the 
alumina reaction bed. 

It is current commercial practice to coat titanium dioxide particles with thin 
layers of oxides of elements such as silicon, aluminium and zirconium or 
25 combinations of such oxides in order to improve physical properties such as 
dispersibility, and to minimise interaction of the titanium dioxide particles with 
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ultra-violet light. It will be appreciated that the novel technology described in this 
specification for coating an oxide or other substrate with titania can be used to 
coat the titania-coated oxide or other substrate with oxides of silicon, aluminium or 
zirconium or with combinations of such oxides by exposing the hydrated titanium 
5 oxychloride coated particles to solutions of appropriate concentrations in solvents 
of zero or very low polarity of suitable halides of silicon, aluminium and zirconium 
or any combination of such halides. Preferred halides include silicon tetrachloride, 
aluminium chloride and zirconium chloride or any combination of those or other 
chlorides. Subsequent pyrohydrolysis reactions, conducted separately or in situ 
10 during calcination, would provide particles of the substrate coated firstly with 
titania and then with oxides such as silica, alumina or zirconia or combinations of 
such oxides. 

An alternative approach is to pyrohydrolyze the particles coated with 
titanium oxychloride, hydrate them again and then react those particles 
15 suspended in cyclohexane with silicon or other chloride, and then pyrohydrolyze 
and calcine the product. 

It will be appreciated that, given the relative price differential between 
alumina and pigment-grade titanium dioxide, the proposed composition of the 
invention would be economically attractive as a pigment product. If the material is 
20 used for this purpose, the initial alumina feed particles would typically need to be 
pretreated, eg. by milling, so that the final coated particles are of dimensions 
consistent with use as a pigment grade powder. 

It will also be appreciated that the production process is attractive because 
the components utilised can be intermediates, respectively titanium tetrachloride 

25 and hydrated alumina, in the commercially established Chloride Process in the 
Ti0 2 industry and in the Bayer Process in the alumina industry. Hydrated alumina 
is already established as a starting material for various aluminium chemicals and, 
after calcination and grinding, itself has applications in ceramics and as a wear 
resistant constituent in other materials. In fact it is reasonable to assume that the 

30 product of the invention may be used as feedstock to produce an aluminium- 
titanium metal alloy. 
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Example 1 

Aluminium hydroxide, AI(OH) 3 , was hydrated by adding H 2 0 dropwise to a 
vigorously stirred suspension of 300g of AI(OH) 3 in CCI 4 . The solid was isolated by 
vacuum filtration, washed with CCI 4 and air-dried. The weight of the solid indicated 
5 that 73 mol % of water had been adsorbed. The TiCI 4 (10 mol %) was added 
dropwise to a suspension of 30 grams of the hydrated AI(OH) 3 in 100ml of CCI 4 . 
The AI(OH) 3 assumed a yellow colour, that of TiOCI 2 , immediately. After 1 hour, a 
1ml aliquot of CCI 4 was taken and syringed into an aqueous solution of NaOH. No 
precipitate of insoluble Ti0 2 was observed indicating that the reaction was 

10 complete. Part of the solid product was analysed using X-ray fluorescence 
techniques. The initial solid contained 56.3% Al 2 0 3 , 8.2% Ti0 2 and 6.9% CI and 
other minor constituents, indicating the presence of TiOCI 2 . After heating to 
1000°C, XRF analysis showed 89.1% Al 2 0 3 , 12.6% Ti0 2 and 0.03% CI. X-ray 
diffraction analysis showed that, after heating to 200°C the solid was mainly 

15 gibbsite, AI(OH) 3 , with a small amount of boehmite, AIO.OH. Boehmite was the 
dominant phase at 400°C while, after heating to 600°C and 800°C, the principal 
phases were anatase (Ti0 2 ) and delta-AI 2 0 3 . After ignition to 1000°C, the phases 
present were rutile (Ti0 2 ) and corundum (alpha-AI 2 0 3 ). This is consistent with the 
formation of non-crystalline anatase with gibbsite and boehmite at temperatures 

20 up to about 600°C with crystalline anatase undergoing a phase change at 
temperatures approaching 1000°C to produce a 10 to 12% coating of rutile. 

Example 2 

Gibbsite, AI(OH) 3 , was subjected to wet grinding to produce particles with 
an average size of about 1 micron. The suspension was filtered. 1 1.2g of the wet 

25 filter cake (water content about 50 mol %) was stirred as a suspension in 100ml of 
cyclohexane and 1.4ml of TiCI 4 (about 10 mol %) was added dropwise and slowly 
by syringe. XRF analysis showed that the solid residue recovered after filtration 
contained 48.40% Al 2 0 3 , 13.10% Ti0 2 and 8.24% CI. Calcination of this residue at 
1000°C provided a solid with 76.8% Al 2 0 3 , 20.50% Ti0 2 and 0.06% CI. IFESEM 

30 investigation showed that the majority of the Al 2 0 3 particles that reacted were 
totally covered with Ti0 2 with some titania impregnating the particles. 
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Example 3 

10g of CaC0 3 was vigorously stirred in 100ml cyclohexane and water 
(0.9ml, 50 mol %) was added by syringe. TiCU was added as in examples 1 and 2 
and the resulting solid recovered by filtration. XRF analysis showed that it 
5 contained 49.4% CaO, 8.9% Ti0 2 and 7.97% CI. 
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CLAIMS 

1 A composition of matter comprising particles each having a substrate being 
an oxide or other suitable compound of a metal other than titanium or of 
certain non-metal elements, and a coating on said substrate being a layer 

5 of titanium dioxide. 

2 A composition of matter according to claim 1 wherein said layer is a 
uniform, substantially homogenous undivided layer of titanium dioxide. 

3 A composition of matter according to claim 1 wherein said layer is randomly 
distributed over and into the surface of the substrate. 

10 4 A composition of matter according to claim 1, 2 or 3 wherein said oxide or 
other compound is selected for its ability to absorb or adsorb sufficient 
water to sustain the formation of said layer. 

5 A composition of matter according to any preceding claim, wherein said 
substrate is substantially less valuable or expensive than titania. 

15 6 A composition of matter according to any one of claims 1 to 5 wherein said 
substrate is alumina. 

7 A composition of matter according to any one of claims 1 to 5 wherein said 
substrate is selected from the group consisting of oxides, hydroxides and 
carbonates of aluminium, silicon, zinc, lead, tin, bismuth, and other 

20 transition metal, group III and group IV elements, and carbonates of 

calcium and magnesium. 

8 A composition of matter according to any preceding claim wherein said 
coating of titanium dioxide on each particle includes a lowermost transition 
zone in which titanium dioxide is interspersed into the underlying substrate. 
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A composition of matter according to any preceding claim further including 
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an outer coating on said titanium dioxide layer of a substance to minimise 
interaction of the titanium dioxide layer with incident ultraviolet light. 

10 A method of forming particles of titania-coated substrate, including : 

contacting a bed of hydrated particles of an oxide or other suitable 
5 compound of a metal other than titanium or of certain non-metal elements 

with a fluid medium containing flowing titanium tetrachloride, under 
conditions in which a layer comprising one or more involatile oxychloride or 
oxide compounds is formed at and below the surface of each of a 
multiplicity of said particles of said oxide or other suitable compound which 
10 thereby provides a substrate for said layer; and 

treating said oxychloride or oxide compound or compounds to convert the 
layer to a titania coating, on the particles. 

11 A method according to claim 10, wherein said coating is a pigment grade 
coating. 

15 12 A method according to claim 10 or 9 wherein said bed of hydrated particles 
is a moving bed. 

13 A method according to claim 10, 11 or 12 wherein said oxide or other 
compound is selected for its ability to absorb or adsorb sufficient water to 
sustain the formation of said layer. 

20 14 A method according to any one of claims 10 to 13, wherein said substrate is 
substantially less valuable or expensive than titania. 

15 A method according to any one of claims 10 to 15 wherein said coating of 
titanium dioxide on each particle includes a lowermost transition zone in 
which titanium dioxide is interspersed into the underlying substrate. 
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A method according to any one of claims 10 to 15 wherein said hydrated 
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particles are selected from the group consisting of oxides, hydroxides and 
carbonates of aluminium, silicon, zinc, lead, tin, bismuth, and other 
transition metal, group III and group IV elements, and carbonates of 
calcium and magnesium. 



5 17 A method according to any one of claims 10 to 15 wherein said hydrated 
particles are alumina particles. 

18 A method according to claim 17 wherein said titanium tetrachloride (TiCI 4 ) 
reacts with the hydroxy! groups or water molecules on the surface of the 
hydrated alumina particles to produce the titanium oxychloride compounds. 

10 19 A method to claim 17 or 18 wherein said hydrated alumina particles 
comprise or include aluminium hydroxide AI(OH) 3 , also known as alumina 
trihydrate or gibbsite, or aluminium oxide hydroxide AIO.OH, also known as 
aluminium monohydroxide or boehmite. 

20 A method according to any one of claims 10 to 19, further including 
15 pretreating the hydrated alumina or other substrate with steam or water to 

ensure an appropriate amount of water, absorbed on the substrate, 
available for a more extended hydrolysis reaction. 

21 A method according to any of claims 10 to 20 wherein said aforesaid 
conditions include a proportional presence of water which is in deficit 

20 relative to the alternative reaction of the titanium tetrachloride to produce 

hydrated titania and an aqueous solution of hydrochloric acid. 

22 A method according to any one of claims 10 to 21 wherein the fluid medium 
is a solution of TiCI 4 in an organic solvent. 

23 A method according to claim 22, wherein said organic solvent is one which 
25 is non-polar or of very low polarity, and immiscible with water. 



24 



A method according to claim 23, wherein said organic solvent is selected 



14 



PCT/AU01/00272 



from the group consisting of carbon tetrachloride, benzene, cyclohexane, 
toluene, trichlorethylene, and heptane. 

A method according to any one of claims 10 to 24, including a hydrolysis 
treatment in which the titanium oxydichloride coating is treated with steam 
under conditions that result in the coating of the substrate with hydrated 
titanium (Ti0 2 .xH 2 0). 

A method according to any one of claims 10 to 25, wherein said treating 
step includes calcination at a temperature in the range 200°C to 1000°C. 

A method according to any one of claims 10 to 25, wherein the coated 
particles are subjected to moderate heating in a gas stream under 
conditions whereby the oxychlorides decompose to titanium dioxide and 
titanium tetrachloride, and the Ti0 2 remains as a coating of the surface of 
the substrate and titanium tetrachloride is swept away and recycled. 

A method according to any one of claims 10 to 21, wherein the fluid 
medium containing flowing titanium tetrachloride is a gas stream containing 
titanium tetrachloride. 

A method according to any one of claims 10 to 28 further including an outer 
coating on said titanium dioxide layer of a substance to minimise interaction 
of the titanium dioxide layer with incident ultraviolet light. 

A method of forming particles having a metal oxide coating on a substrate, 
including : 

contacting a bed of hydrated particles of an oxide or other suitable 
compound of a first metal or of certain non-metal elements with a fluid 
medium containing a halide of a second metal, under conditions in which a 
layer comprising one or more involatile oxyhalide or oxide compounds of 
the second metal is formed at and below the surface of each of a 
multiplicity of said particles of said oxide or other suitable compound which 
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thereby provides a substrate for said layer; and 
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treating said oxyhalide or oxide compound or compounds to convert the 
layer to a coating of an oxide of said second metal. 

31 A method according to claim 30 wherein said bed of hydrated particles is a 
5 moving bed. 

32 A method according to claim 30 or 31 wherein said oxide or other 
compound is selected for its ability to absorb or adsorb sufficient water to 
sustain the formation of said layer. 

33 A method according to claim 30, 31 or 32 wherein said hydrated particles 
10 are selected from the group consisting of oxides, hydroxides and 

carbonates of aluminium, silicon, zinc, lead, tin, bismuth, and other 
transition metal, group III and group IV elements, and carbonates of 
calcium and magnesium. 

34 A method according to any one of claims 30 to 33 wherein said halide 
15 reacts with the hydroxy! groups or water molecules on the surface of the 

hydrated particles to produce the oxyhalide compounds. 

35 A method according to any one of claims 30 to 34 wherein the fluid medium 
is a solution of a halide in an organic solvent. 

36 A method according to claim 35, wherein said organic solvent is one which 
20 is non-polar or of very low polarity, and immiscible with water. 

37 A method according to claim 36, wherein said organic solvent is selected 
from the group consisting of carbon tetrachloride, benzene cyclohexane, 
toluene, trichlorethylene, and heptane. 

38 A method according to any one of claims 30 to 37 wherein said halide is a 
25 chloride, whereby the or each oxyhalide compound is an oxychloride 
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compound. 

39 A method according to claim 38 wherein said aforesaid conditions include a 
proportional presence of water which is in deficit relative to the alternative 
reaction of the chloride to produce a hydrated oxide and an aqueous 

5 solution of hydrochloric acid. 

40 A method according to any one of claims 30 to 39 wherein said second 
metal is titanium whereby said coating is a titania coating. 
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ABSTRACTED— PUB— NO : WO 0166652 Al 
BASIC-ABSTRACT : 

NOVELTY - Pigment-grade titanium material comprises 
particles having an oxide of a metal other than titanium 
or of certain non-metals as a substrate, and a layer of 
titanium dioxide as a coating on the substrate. 

DESCRIPTION - An INDEPENDENT CLAIM is also included for 
a method of forming particles having a metal oxide 
coating on a substrate by contacting a bed of hydrated 
particles of an oxide of a first metal or of certain non- 
metals with a fluid medium containing a halide of a 
second metal, under conditions in which a layer 
comprising involatile oxyhalide or oxide compound (s) of 
the second metal is formed at and below the surface of 
each particle to provide a substrate for the layer; and 
treating the oxyhalide or oxide compound (s) to convert 
the layer to a coating of an oxide of the second metal. 

USE - For use as white base pigment in paint products, 
in plastics and paper and other applications . 

ADVANTAGE - The invention provides a substitute for 
conventional pigment grade titanium oxide. 
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EQUIVALENT— ABSTRACTS : 

INORGANIC CHEMISTRY 

Preferred Components : The titania layer is uniform and 
homogeneously undivided or it is randomly distributed 
over and into the surface of the substrate . The oxide is 
selected for its ability to absorb or adsorb water to 
sustain the formation of the layer . The substrate is 
less valuable or expensive than titania . The coating of 
titanium dioxide on each particle includes a lowermost 
transition zone in which titanium dioxide is 
interspersed into the underlying substrate . An outer 
coating is on the titanium dioxide layer to minimize 
interaction of the layer with incident ultraviolet 
light . 

Preferred Materials : The substrate is an oxide, 
hydroxide or carbonate of aluminum, silicon, zinc, lead, 
tin, bismuth, other transition metal , or group III or 
group IV element. It may also be a carbonate of calcium 
or magnesium. The bed of hydrated particles is a moving 
bed. 

ORGANIC CHEMISTRY 

Preferred Materials: The fluid medium is a solution of a 
halide (preferably a chloride) in an organic solvent. 
The organic solvent is carbon tetrachloride, benzene 
cyclohexane, toluene, trichloroethylene, or heptane . 

Gibbsite (Al(OH)3) was subjected to wet grinding to 
produce particles with an average size of 1 mum . The 
suspension was filtered. The filter cake was stirred as 
a suspension in cyclohexane (100 ml ) . Titanium 
tetrachloride (1.4 ml ) was added dropwise . Analysis 
showed that the solid residue recovered after filtration 
contained 48.40% alumina (A1203), 13.10% titania (Ti02), 
and 8.24% chloride . Calcination of this residue at 
lOOOdegreesC provided a solid with 76.8% alumina, 20.50% 
titania, and 0.06% chlorine. Scanning electron 
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microscopy investigation showed that the majority of the 
alumina particles that reacted were totally covered with 
titania with some titania impregnating the particles. 
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